In vitro incubation of swine adipose tissue slices in the presence or absence of insulin with a synthetic glucose tolerance factor (GTF) did not increase glucose utilization for oxidative metabolism or lipogenesis. GTF had no effect on glucose clearance rate or peak insulin response following an intravenous glucose challenge. Based on the glucose clearance rate and nominal stimulation of insulin release, swine have a very efficient glucose homeostatic mechanism. GTF did potentiate the hypoglycemic response following an intravenous insulin challenge. This latter observation indicates that GTF is biologically active in swine and is consistent with the hypothesis that the compound potentiates the insulin-insulin receptor interaction and subsequent biological response. Although GTF is biologically active in swine, the inclusion of trivalent chromium as an essential dietary trace element for swine would be speculative unless a true dietary deficiency of chromium can be demonstrated.
INTRODUCTION
The occurrence and function of trivalent chromium (Cr +3) has been reviewed by Mertz (1969) . Dietary brewer's yeast was reported to be a rich natural source of the Cr+3 containing glucose tolerance factor (GTF) based on the potentiation of insulin stimulated glucose utilization in the rat fat pad bioassay compared to other proteins. Diets containing Torula yeast, a
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protein deficient in Cr +3, created such deficiency symptoms as impaired lipogenesis, glycogen synthesis, amino acid uptake and glucose clearance rate. These symptoms could not be attributed to vitamin E and/or selenium, but all deficiency symptoms could be corrected by supplementing the Torula yeast diets with a source of natural GTF, several synthetic GTF analogs or even trivalent chromium salts. The exact site and mode of action of Cr +3, as GTF, has not been determined; however, the compound appears to potentiate those metabolic reactions usually attributed to insulin. Based on these findings, Cr +3 has been suggested to be a necessary dietary trace element for glucose homeostasis in the rat.
In vitro glucose utilization by swine adipose tissue, in contrast to glucose utilization by rat tissue, does not respond to insulin (O'Hea and Leveille, 1968) even though adipose tissue is the site of virtually all de novo lipogenesis in this species (Hood and Allen, 1973) . This lack of in vitro response is not evident in vivo because swine rendered diabetic by alloxan administration become hyperglycemic, a condition which can be corrected by exogenous insulin administration (Romsos et al., 1971) . Still the pig has been considered to elicit poor control over glucose homeostasis during the course of a glucose tolerance test and, therefore, resembles the mild human diabetic (Machlin et al., 1968) .
The following study was conducted to determine if a synthetic GTF, known to be biologically active in the rat, could 1) influence glucose utilization by swine adipose tissue incubated in vitro and 2) influence glucose homeostasis measured in vivo.
MATERIALS AND METHODS
All animals used in the following trials were Duroc barrows averaging 30 kg body weight. Animals used as donors for adipose tissue biopsies were non-fasted, whereas in vivo infusions were performed on animals which had 1341 JOURNAL OF ANIMAL SCIENCE, Vol. 45, No. 6 (1977) been fasted for 15 hours. The biopsy and tissue preparation procedures have been described previously (Steele et al., 1974) . In vitro glucose utilization for oxidation and lipogenesis was determined by the procedures of Leveille (1967) . All in vitro incubations were performed in triplicate.
Glucose and insulin tolerance tests were performed on unanaesthesized animals which were previously fitted with indwelling vena cava cathethers. Blood samples, 5 ml, were obtained at 10 and 5 rain prior to infusion and at 5, 10, 15, 20, 25, 30, 45, 60, 120 and 180 min after the infusion of 500 mg glucose/kg body weight as a 50% solution in sterile saline with or without 100 mg of synthetic GTF. Insulin sensitivity tests were performed in an analogous manner except samples were taken at 10 and 5 min prior to infusion and at 3, 6, 9, 12, 15, 18, 21, 24, 27, JO, 35, 40, 45, 60, 90, 120 and 180 min after the infusion of .1U insulina/kg body weight with or without 100mg synthetic GTF. Plasma samples were analyzed for glucose by the method of Hill and Kessler (1961) and for insulin by the method of Morgan and Lazzarow (1963) . Plasma glucose half-life (tl/2) was calculated between 5 and 60 min post infusion and plasma insulin, glucose stimulated, disappearance rate was calculated between 15 and 45 min following the glucose infusion.
Any reference to statistical significance was based on Student's t-test. Within treatment variation was computed as an average coefficient of variation (CV) over dose or time. depicted in table 1. The relative increase over basal insulin (100 uU)stimulated 14CO 2 evolution from glucose-1-14C by isolated fragments of rat epididymal adipose tissue is the basis for assessing the biological potencies of GTF preparations. Although a linear dose response is not evident, this GTF preparation definitely potentiates the insulin response, possibly near maxi-
RESULTS AND DISCUSSION
The synthetic GTF preparation used in these studies had been characterized (Roginski, 1974) . The compound depicted in figure 1 represents the hypothesized structure of the synthetic GTF, 87403. The essential feature of this compound is the planar coordination of two nicotinic acid moieties with Cr +3. The amino acids (glutamic acid, glycine and cysteine) are the same as found in natural GTF and render the Cr+3-nicotinic acid salt, water soluble. Biological potency of this compound is aEach value represents the mean of two to three rats.
bvalues are expressed as the relative 14CO~ produced from glucose-1 -* 4C/2 hr/100 mg adipose tissue in the presence of 100 uU insulin with or without the indicated dose of GTF (Mertz et al., 1974 ). mal at the higher doses.
The data in table 2 summarizes the influence of insulin and GTF on in vitro glucose utilization by swine adipose tissue slices. Neither oxidative metabolism nor fatty acid synthesis was influenced by insulin and/or GTF. These results are in accord with those of O'Hea and Leveille (1968) in that swine adipose tissue is insulin insensitive when incubated in vitro. Based on this criterion, GTF is not biologically active in swine at the dose levels examined. Table 3 summarizes the plasma glucose and insulin levels following a glucose challenge of 500 mg/kg body weight with or without 100mg GTF. Schroeder et al. (1965) recommended 10/ag Cr+3/kg body weight/day be present in the diet of the rat to avoid impairment 'of glucose tolerance. The dose employed in these studies was 25 times as great to ensure that a response would be elicited if indeed a biological function for Cr +3 exists in swine. Based on peak glucose response, time to reach peak and tl/2, GTF had no influence on glucose clearance. The mean tl/2 for all observations was 29.4 min, or 4.49 mg%/min. One of the underlying assumptions was that swine were glucose intolerant. The data presented by Romsos et al. (1971) for non-diabetic control animals equate to a tl/2 for glucose of approximately 72 min, or 1.07 mg%/min. Machlin et al. (1968) concluded that the pig resembled the mild human diabetic in response to a glucose challenge based on a disposal rate of .6%/min. This discrepancy in clearance rate cannot be rectified because the animal weight and dose of glucose used were modeled after the latter reference. Therefore, our data indicate that swine are not diabetic-like in response to a glucose challenge and display a very efficient glucose homeostasis mechanism.
The glucose induced rise in plasma insulin levels (table 3) demonstrates that the rapid clearance of exogenous glucose is accomplished with nominal insulin secretion. Again, no marked effect of GTF was evident based on peak insulin response and glucose stimulated disappearance rate. A slight delay in the time to achieve peak insulin response, 5 min, was observed with GTF. Taken together, glucose clearance rate and peak insulin response indicate that swine tissue is very sensitive to insulin when measured in vivo.
The data in table 4 shows the change in plasma glucose concentration in response to .1U insulin/kg body weight with or without . ~ ca ,.~ 100 mg GTF. A significant potentiation of the hypoglycemic action of insulin was attributable to GTF. Mertz et al. (1974) hypothesized that the Cr+3 containing GTF forms a ternary complex between the two sulfur groups of the A chain of insulin and two free sulfhydryl groups of the insulin receptor thereby facilitating the initial hormone-receptor interaction.
The results of this study would support this hypothesis in that the effect should be a prolongation of the biological response if GTF were to stabilize the insulin-insulin receptor interaction.
In addition to the rat, man (Glinsmann and Mertz, 1966) and the squirrel monkey (Davidson and Blackwell, 1968) are examples of two other species which respond to Cr +3 supplementation by improvement of previously impaired glucose tolerance. In both studies a dietary deficiency of Cr +3 was suspected. More recently Preston et al. (1976) stated that dietary Cr +3 had no effect on weight gain, glucose tolerance or serum cholesterol levels of gestating guinea pigs and their offspring even though the diet contained only half the recommended Cr +3 intake for the rat. This study suggests there may be a vast difference among rodent species as to their Cr +3 requirement or that Cr +3 has no biological consequence in the guinea pig.
The purpose of this study was to determine if GTF was biologically active in swine tested by several criteria. Based on the results of the insulin sensitivity tests, GTF is biologically active in swine by potentiating the hypoglycemic action of insulin. To suggest that Cr+3 is an essential trace element in swine nutrition is quite different. Until analytical techniques become sensitive enough to determine the variation of Cr +3 content in feedstuffs or evidence is presented to suggest that Cr +3 improves swine productivity, the inclusion of Cr +3 as a dietary trace element would be speculative.
